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IG/oG PROGRAM FOR GSNERATING A N n  DISPLAYING 
NASIRAN INPUT hVTl OUTPUT DATA 
By Ryoich i  Mishima 
and Akinor i  Myojin 
H i t a c h i ,  Ltd. J a p a n  
H i t a c h i , L t d .  h a s  developed a sof tware  system i n  s t r u c t u r a l  analysis 
f i e l d s  usinq NASTRAN, and now HITAC u s e r s  I n  J a p a n  c a n  use IG/OG 
( Inpu t  ~ e n e r a t o r / l ) u t p u t  ene era tor ) nroaram f o r  NASTRAN. IG/OG saves 
much time required t o  make a s t r u c t u r e  a n a l y s i s  d a t a  t o  i n t e r o r e t  Lhe 
r e s u l t  from a n  analysis by NASTRAN. 
INTRODUCTION 
G e n e r a l l y ,  l a r g e - s c a l e  c a l c u l a t i o n s  i n  s t r u c t u r e  analysis r e q u i r e  more 
t h a n  1000 e l e m e n t s  and noda l  po in t s  even i n  t h e  a n a l y s i s  of p l a n e  
s t r u c t u r e .  I n  a d d i t i o n ,  thousands  of i n p u t  d a t a  c a r d s  must be prepared.  
I n  the  case of th ree -d imens iona l  s t r u c t u r e  having v a r i o u s  a r b i t a r y  
shapes ,  a numerous amount of  i n p u t  d a t a  mare t h a n  t h e s e  must be p r e ~ a r e d .  
T h i s  o p e r a t i o n  i s  extremely d i f f i c u l t  t o  be done by hand and a l s o  
r e q u i r e s  much time. On t h e  o t h e r  hand,  t h e  ana lyx ica l  r e s u l t s  such as 
t h e  node d i sp lacement  o u x ~ u t t e d  F o r  each nodal  p o i n t ,  and t h e  e lementa ry  
s r r e s s  and f o r c e  o u t o u t t e d  f o r  each element r e a c h e s  s e v e r a l  t i m e s  t h e  
i n p u t  d a t a .  These b r i n g  abou t  t h e  f a c t  t h a t  n r o d i a i o u s  l a b o r  and t ime  
must be s h a r e d  f o r  r e a r r a n g i n g  and  r e t r i e v i n g  t h e  r e s u l t a n t  o u t n u t s  
and p r e p a r i n e  a l l  necessa ry  r e n o r t s .  
The TG d i v i d e s  a s t r u c t u r a l  model s e t  by t h e  u s e r  i n t o  e lements ,  and 
g e n e r a t e s  t h e  user communication f i l e  uaed as an i n p u t  d a t a  f i l e  
t o  NASTHAN. The I G  i n c o r p o r a t e d  i n  NASTHAN h e l p s  t o  s i m p l i f y  t h e  
aforementionedt~oublesame p r e p m a - t i o n  of i n p u t  d a t a  ex t remely .  
The OG r e a r r a n g e s  a numerous zn~ount  of  ou'tput data and p l o t  them 
g r a p h i c a l l y  o r  i n  f i g u r e s  t o  f a c i l i t a t e  t h e  r e t r i e v a l  o f  a n a l y t i c a l  
r e s u l t s .  Ry w r i t i n g  t h e  f i le-names used i n  t h e  OG i n t o  t h e  u s e r  
communication T i l e  a t  t h e  t ime o f  NASTRAN e x e c u t i o n ,  t h e  user e n a b l e s  
t h e  OG t o  d r a w  v a r i o u s  f i g u r e s  w h i l e  c h a n ~ i n g  t h e  n a r a m e t e r s  p rov ided  
f o r  f i g u r e  c o n s t r u c t i o n ,  a f t e r  t h e  complet ion o f  NASTRAN execu t ion .  
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Many exce l l en t  au tomat ic  mesh g e n e r a t i o n  programs f o r  s p e c i f i c  
s t r u c t u r e s  such  as a i r c r a f t  and s h i p  have been developed and i n t r o d u c e d ,  
F o r  q e n e r a l  s t r u c t u r e s ,  however,few of t h o s e  programs a r e  usable .  The 
au tomat ic  mesh g e n e r a t i o n  program (TG) o f  IG/OG inroduced i n  this paper 
has been developed f o r  universal a p p l i c a t i o n s ,  f o r  which v a r l o u s  new 
concep ts  were i n c o r p o r a t e d .  
A whole s t r u c t u r e  cannot be d i v i d e d c o m p l e t e l y  at a t i m e .  I n  t h i s  
system, i t  is  d i v i d e d  i n t o  s u b - s t r u c t u r e s  c a l l e d  p a r t s  which a r e  t h e n  
i n p u t t e d .  The p a r t  is  formed by a r e l a t i v e l y  s imple  s h a ~ e  such as t r i a n g l e ,  
q u a d r i l a t e r a l ,  o r  t b e  l i k e .  In  t h e  TG t h e  r e s p e c t i v e  n a r t s  a re  mesh- 
genera ted  and t h e n  combined w i t h  each o t h e r  t o  compiete d i v i d i n a  a whole 
s t r u c t u r e  i n  mesh. The number of  p r o c e s s i n g s  necessa ry  f o r  d i v i d i n g  
a s t r u c t u r e  i n t o  o a r t s  i s  only a f r a c t i o n ( s e v e r a 1  xen t i m e s  less) o f  
that needed f o r  d i v i d i n g  i n t o  s t r u c t u r a l  e lements ,  a l t h o u g h  i t  depends 
on t h e  shape. This b r i n g s  a b o u t  t h e  f a c t  t h a t  t h e  number of ~ r o c e s s i n a s  
needed f o r  d a t a  p r e o a r a t i o n  can  be reduced q r e a t l y .  I n  a d d i t i o n ,  s p e c i a l  
d a t a  are n o t  r e q u i r v d  when combining t h e  r e s p e c t i v e  p a r t s  with each o t h e r ,  
s i n c e  t h e  combinine o n e r a t i o n  i s  performed based on the d i s t a n c e  between 
t h e  c o o r d i n a t e s  of  grid p o i n t s .  
The d a t a  which can be o b t a i n e d  by a u t o m a t i c  mesh g e n e r a t i o n  a r e  Limited 
t o  some e x t e n t ,  but  l o a d  and  c o n s t r a i n t  c o n d i t i o n s  can be c r e a t e d  i n  
a d d i t i o n  t o  g r i d  p o i n t  d a t a  e n d  element combinat ion d a t a .  
P a r t  
Ten d i f f e r e n t  k inds  o f  p a r t s  a r e  u s a b l e  i n  the  I G ,  each having i t s  
own d i v i d e  method, The list o f  d i v i d e  methods i s  as shown below. 
(I) Q u a d r a t i c  shaoe f u n c t i o n  method 
(2 )  Cubic s h a m  f u n c t i o n  method 
(3) R o t a t i o n a l  q u a d v a t i c  p lane  method 
( 4 )  Coon1 s blend ine  f u n c t i o n  method 
( 5 )  Plane o a r a l l e l a q r a m  method 
( 6 )  R o t a t i o n a l  p a r a l l e l o f f r a m  method 
(7 )  C y l i n d r i c a l  p a r a l l e l o g r a m  method 
I 8) R o t a t i o n a l  p lane c u r v e  method 9 )  S i m i l a r  t r a n s l a t i o n  method 
(lO)Orthogonall ,y branched p i p e  met hod 
D i f f e r e n t  kindso,?  p a r t s  may c o e x i s t  w i t h i n  t h e  same s t w c t u r e .  
A p a r t  i s  d e f i n e d  by s p e c i f y i n g  boundary l i n e s .  S t r a i g h t  l i n e ,  q u a d r a t i c  
curve ,  c u b i c  c u r v e ,  und a r c  a r e  used as boundary l i n e s ,  The boundary l i n e s  
u s a b l e  f o r  each p a r t  d i f f e r  a c c o r d i n g  t o  t h e  k ind o f  p a r t  o r  d i v i d e  
method, A boundary l i n e  is def ined  by s n e c i f y i n g  2 o r  more p o i n t s  on it. 
The p o i n t s  used t o  d e f i n e  boundary l i n e  a r e  c a l l e d  c h a r a c t e r i s t i c  p o i n t s .  
For example, s t r a i g h t  l i n e  i s  d e f i n e d  by s p e c i f y i n g  c h a r a c t e r i s t i c  
p o i n t s  a t  its bo th  ends,  and q u a d r a t i c  c u r v e  i s  by 3 p o i n t s  -- 2 a t  
i ts  both  e n d s  nnd 1 at t h e  i n t e r m e d i a t e  p o r t i o n  o f  it .  
'She q u a d r a t i c  shaue f u n c t i o n  method i s  one i n  which t h e  plnne s t r u c t u r e  
c o n s i s t i n q  of t r i a n g l e  o r  q u u d r i l o t e r t l l  is t o  be d i v i d e d .  The boundary 
l i n e  used i n  t h i s  method i s  re t ) resen ted  b,y hn,y one of  s t r a i ~ h t  l i n e ,  
q u a d r a t i c  .curve, and cubic curve,  
As shown i n  pig. 1, the  s t r u c . t u r e  rcnresen. ted by A , E + B , B , C , O , I I , H  i n  Lhc 
c o o r d i n a t e  qyst;em is c o r r e l u t e d  w i t h  .the s q u a r e  o f  abcd i n  t h e  c o o r d i n a t  
s.ysterndk . Shape f u n c t i o n  is used l o  c o r r e l a t e  the p o i n t s  i n  t h e  c o o r d i n a t e  
SY~telnd? w i t h  tho n o i n t s  in t h e  c o o r d i n a t e  sys'tern XY. ?'he ellape f u n c t i o n  
i s  t h e  same as t h o s r  o f t e n  used i n  t h e  f i n i t e  clement method. D i v i d i n g  
o p e r a t i o n  i s  oerforlned on t h e  square i n  t h e  coord ina ' t s  syste~ncrF . 
By o b t a i n i n g  t h e  p o i n t s  c o r r c s n o n d i n ~  t o  t h e  a r i d  p o i n t s  genera ted  
' t h e  u-formentioned d i v i a i n r  opcraLion ,  t h e  s t r u c t u r e  0.f A , E , R , P , C , G , ~ ~ , H  
i s  s u b u t a n u i ~ l l g  d iv ided .  
The cubic shape f u n c t i o n  method i s  'the snlne as t h e  quudraCic shnne 
f u n c t i o n  method ,  except  Ghat o u r t  s h a n p  i s  7-dimensional.  
The r o t a t i o n a l  q u a d r a t i c  n l a n e  [nethad i s  nn a p p l i c a t i o n  o f  t h e  
q u a d r a t i c  shklpe func, t ion method. The s e c t i o n  of th ick-wal l  s h e l l  
g e n e r a ~ e d  by r o t a t i n g  a olonc around a n  u x i s  i s  d i v i d e d  by u s i n a  t h e  
q u a d r a t i c  shape f u n c t i o n  method. Tn t h e  c i r c u m f e r e n t i a l  d i r e c t i o n ,  t h e  
s h e l l  i s  d iv ided  evenly a t  t h e  s p e c i f i e d  a n s l e .  
The C o o h t s  blending f u n c t i o n  method i s  one i n  which t h e  method o f  
c r c a t i n ~ a  f r e e  curve used i n  numerical  c o n t r o l  i s  a n p l i e d  t o  au tomat ic  mesh 
aenera  t ior) .  
I n  t h e  p lane  para l l e loa ra rn  rtle.thod, a s Lructure a p p r o x l ~ d a t i n q  a 
q u a d r i l a t e r a l ,  whose o ~ p o s i n a  edaes  r u n  almost  i n  n n r a l l e l ,  i s  d i v i d e d  
i n t o  p a r t s .  Sach edge i s  def ined  as a n  ag&reau tc  o f  s t r a i g h t  line, 
q u a d r u t i c  curve ,  and arc. If t h e  ~ n a o s i n ~  edges a r e  not i n  p a r a l l e l ,  
an a d d i t i o n a l  l i n e  can be s ~ e c i f i e d  at t h e  in termediu ' te  n o r t i o n  of then ,  
whereby t h e  shapes of d i v i d e d  e lements  can be improved cons iderab ly .  
The r o t a t i o n a l  p a r u l l e l o f i r a n ~  me.!ihod i s  one i n  which .the plane pnrallelo- 
pram method is utilized for tl thick-wall s h e l l  aenera . ted  bey rrotatinq 
a pare.l leloaratn arourid a n  a x i s ,  b i i re  i n  t h e  r o b t t t i o n a l  q u a d r a t i c  plnne 
method. The s e c t i o n  of t h e  s h e l l  is d i v i d e d  by u s i n a  t h e    lane p a r a l l e l o -  
gram method. In t h e  c i r c u r n f e r ~ n t i a l  d i r e c t i o n ,  t h e  s h e l l  i s  d i v i d e d  
evenly  at t h e  s p e c i f i e d  ang le .  
I n  t h e  c y l i n d r i c a l  ~ a r a l l e l a ~ r a l n  method, 'the s e c t i o n  o f  a c y l i n d e r  i s  
d iv ided  by u a i n ~  t h e  a lane  p a r a l l e l o ~ m m  method. I n  t h e  a x i a l  d i r e c t i o n ,  
t h e  c,ylinrler  i s  div ided  evenly  a t  t h e  s p e c i f i e d  l e n ~ t h .  
The r o t a t i o n a l  u lane curve method i s  one i n  which  a t h i n - w a l l  s h e l l  
P;enera.ted by rotating a curve def ined  o n  XZ ~ l u n e  i s  d i v i d e d .  The curve 
i s  d e f i n e d  as an agsre~ade o f  s t r a i g h t  l i n e ,  q u a d r a t i c  curve,  and a r c .  
The  similar t r a n s l n t i ~ n  lnethod i s  one i n  which the s u r f a c e  frenerated by 
transknting a s t r t l i ~ h t  l i n e  a l o n a  a c u r v e  i s  d iv ided .  'Phe curve i s  d e f i n e d  
as an agqreqate o f s t r u i g h t  l i n e  and a rc .  
The o r t h o g o n a l l y  branched p i ~ e  method i s  one which can be a p p l i e d  o n l y  
t o  o r t h o q o n a l l y  branched pioe. However, such p ine  can be combined wi th  
o t h e r  narts. 
Mesh Pat t e rn 
F i f t e e n  d i f f e r e n t  k i n d s  o f  mesh p a t t e r n s  a r e  a v a i l a b l e ,  whereby 
t h e  n o r ~ n a l  d i v i d i n a  operaLions  are s a t i s f i e d .  For example, t h e  f o l l w i n q  
patterns a r e  Included;  a q u a d r i l a t e r a l  i s  divided i n t o  trianales by u a i n g  
s h o r t e r  d i a a o n a l  l i n e  i n s t e a d  of l o n g e r  one,  o r  t h e  number o f  d i v i s i o n s  
is  i n c r e a s e d  o r  decreased  as d i v i d i n a  o p e r a t i o n  moves in a c e r t a i n  
. ".... 
d i r e c t i o n ,  
Each p a t t e r n  ha$ t e  c o r r e s p  n d i n ~  code, phus a p a t t e r n  Lo be used i s  
selected by s P e c l ~ y ? n e  Lhe ooze correspondlnn t o  t h e  p a r t .  
Load Genera t ion  
Loads such as g r i d  p o i n t  Porce and p r e s s u r e  can  be genera ted .  
The amount of each component con ta ined  i n  & r i d  p o i n t  f o r c e  and the 
amcunt of p r e s s u r e  must be r e p r e s e n t e d  by t h e  l i n e a r  f u n c t i o n  o f  a r i d  
p o i n t  c o o r d i n a t e  va lues .  Pressure i s  assumed t o  be a p p l i e d  in the 
d i r e c t i o n  p a r p e n d i c u l a r  to plane  e lement ,  Grid p o i n t  f o r c e  i s  g i v e n  
f o r  each component, 
C o n s t r a i n t  
A s p e c i a l  p a r t  can be used f o r  d e 9 i n i . n ~  o n l y  t h e  c o n s t r a i n t  
c o n d i t i o n  oP g r i d  p o i n t .  T h i s  part i s  l i n e a r ,  be ing  r e p r e s e n t e d  by 
s t r a i g h t  line, quadratic curve ,  o r  c u b i c  curve.  fhe  boundary c o n d i t i o n  
a l o n e  t h e  con tour  o f  s t r u c t u r e  cun be ~ e n e r a t e d  easily .. by using the 
p a r t .  
Three-Views 
I n  t h e  analysis of  complex s t r u c t u r e ,  it i s  troublesome t o  i npu t  
the c o o r d i n a t e  v a l u e s  a9 c h a r a c t e r i s t i c  points f o r  d e f i n i n q  t h e  boundary 
l i n e s ,  The IG i s  capab le  09 i n p u t t i n g  t h e  c o o r d i n a t e  v a l u e s  by uaing 
three-views i n  a d d i t i o n  t o  i n p u t t i n g  them directly Phis greatly h e l p s  
t o  airnplify t h e  analysis of complex s t r u c t u r e .  
Command 
The d a t a  i n c o r p o r a t e d  i n  t h e  I G  are c l a s s i f i e d  i n t o  the d a t a  
used Lo d e f i n e  a s t r u c t u r e  and t h o s e  necessary f o r  a c t i v a t i n g  t h e  
actual rnesh a e n e r a t i o n .  The d a t a  needed f o r  activating t h e  generation 
a r e  c a l l e d  commands. The follow in^ commands are a v a i l a b l e .  
(1) AU'PQrnSH 
A c t i v a t e s  t h e  au tomat ic  mesh g e n e r a t i o n  o f  p a r t .  
(2) TRANS 
Tranlates automaically-mesh- ~ e l l e r a t e d  parts s i m i l a r l y ;  i . c . ,  
Ltle s p e c i f i e d  values axe adclod ~~espectively taeach g r i d  point 
c o o r d i n a t e .  
(7) RO1pATE 
Ho Lutes aubomntically-mesh- f ienera ted a a r t .  'Phi B cotrltnand i s  c a p a b l e  of 
placinrr the part a t  any d e s i r e d  p o s i t i o n  i n  combinat ion w i t h  TRANS, 
( 4 )  SCALE 
C o n t r a c t s  and expands pnrt .  
( 5 ) HEPLECrll 
Re f l ec t s  p a r t ,  For  e~ample, when a p a r t  i s  r e f l e c t e d  on X axis, 
the s inn  r e p r e s e n t i n g  t h e  X v a l u e  of m i d  p o i n t  c a o r d i n n t e  is  
r e f l e c t e d .  
( 6 )  ERAS3 
E l i t n i n a t e s  p n r t  ?f  rid pointis o r  e le lnents  w i t h i n  n p a r t .  
(7 )  COErlBINE 
combines t h e  respective parts  which have been mesh-generated by 
AUTOMESH comn~tlnd and operated by o t h e r  camntand s. 
(€3) !)l~Dl! 
I 1 lo t s  the data obtained b,v nutoinatic mesll g e n e r a t i o n  on t h e  XY p l o t t e r .  
( 9 )  PRINT 
L i s t s  uu t h e  r e s u l t s  of autotnaxic  rash s e n e r a t i o n .  
(1$) naD 
Adds t h e  d a t a  w h i c h  cannot be c r e a t e d  by t h e  I G  such as shape 
da tu  o r  m a t e r i a l  d a t a  i n  t h e  format of NASTRAN 
(11) ADDEND 
I t ~ d i c a t e s  t h e  end of n d d i t i a n a l  d a t a  b e ~ i n n i m  w i t h  ADD conmnnd. 
The o u t o u t  ot" IG i s  ~vailable as shown below. 
11) NiIS'fRAN i n p u t  user cori irnunic~tion f i l e  
This f i l e  serves as an i n p u t  t o  NASTRAN. 
( 2 )  Mesh-~enerated s t r u c t u r e  p r o j e c t i o n  
The r e s u l t s  o f  au to tna t i c  mesh seneration are p l o t t e d  on the XY 
p l o t t e r .  
(3 )  L i s t  o f  c r e a t e d  d a t a  
The results of  a u t o m a t i c  mesh g e n e r a t i o n  a re  l i s t e d  up. 
OU'PITJT GENERATOR 
T h e  OG e d i t s  the  r e s u l t s  of NASTRAN.  At tempts  are bein.? made t o  
suppor t  t h e  followina functions i n  t h e  'enture; t h e  aforement ioned 
r e s u l t s  a re  t o  be drawn on t h e  J L ~  p l o t t e r  and graphic  display, and 
t h e  s p e c i f i e d  c o n t e n t s  are t o  be l i s t e d  up i n  t h e  snec i f i ed  fo rmat .  
Currently, t h e  OG s u n p o r t s  the p l o t t e r  f u c c t i o n  which i s  t h e  same as 
t h a t  of NASTRAN and the f u n c t i o n  capable of drawing principal s t r e s s  
diaqram, 
The i n p u t  o f  OG i s  t h e  o u t p u t  u s e r  communication f i l e  of N ~ S T R A N ,  
T h i s  file i s  prepared w h i l e  execu t ion  i s  c a r r i e d  o u t  i n  NASTRAN. 
The module f o r  c r e a t i n g  t h e  f i l e  h a s  been developed newly. 
P r i n c i p a l  S t r e s s  Diagram 
P r i n c i p a l  s t r e s s e s  o c c u r r i n g  i n  the elements of a p lane  can be 
drawn on t h e  XY p l o t t e r  i n  which t h e i r  arnounts and d i r e c t i o n s  are shown 
by arrows.  The p r ~ n c i p a l  s t r e s s e s  c a l c ~ l a t e d  i n  NASTHnN arc! read and 
d i s p l a y e d  via t h e  o u t p u t  u s e r  communication f i l e .  The pen drawing t h e  
diagram c a n  be changed a u t o m a t i c a l l y  a c c o r d i n g  t o  whe ther  t h e  s t r e s s  
i s  compress ive  o r  t e n s i l e .  
U ~ e r  ~ o m m u n i c a t i o n  Pile 
Some of r i g i d  f o r m a t s  suppor ted by N A S ~ ~ A N  a r e  looped. By w r i t i n g  
t he  files created i n  the looped p o r t i o n s  by t h e  OUTPIJI module, t h e  d a t a  
b locks  having t h e  same name are written as m a y  times Bs t h e  number of 
loops, These d a t a  blocks cause a c o n f u s i o n  when chey a r e  refer red  t o .  
I n  t h e  OUTPUT2 module c u r r e n t l y  suppor ted ,  on ly  t h e  f irst  and last 
data blocks a r e  r e f e r r e d  t o  a l though  a number o f  d a t a  b lock3 having 
t h e  same name exist. To cope with t h i s ,  OUTPUT5 module h a s  been developed 
newly. I N  the OUTPUTS module, d a t a  blocks are o u t p u t t e d  s e p a r a t e l y  
f o r  each l o o p ,  and loop number can be a f f i x e d  t o  each d a t a  block. 
There fore ,  any d e s i r e d  d a t a  block can be referred Lo by spec i fy ing  t h e  
loop  name o r  loop  number o r  data block name. I n  ~ d d i t i o n ,  t h e  OUTPUT5 module 
is capable of taking o u t  not only data blocks but parameters .  
The f o l l o w i n g  i s  a n  exa~nple  o f  a l t e r a t i o n  card i n  riqid format 8 used 
to c r e a t e  t h e  u s e r  communication f i l e .  
1. ALTER 2 
2. PARAM 
ALTSR 10'5 
PARAM//c , N , ADD/C , N , O/C , N , o/$ 
ALTER 106 
PARAM//C - N. ADD/V. N, MOP,%, R,LOOP/~T LV 1 L/J 
OUTPUT5,, , ,//c,I?,o/v,N,ucP/c,N,x/c,N~~/~,~~L~~~/$ 
In ALTER LiI6, I i s  added to parameter  LOOP, rind t h e  LOOP value i s  w r i t t e n  
in OUTPUT5 next t o  ALTER 106. 
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Pia.17 Example 2 A quarter holed plate 
v i ~ . 1 4  Example 3 
.,..,.. 1 , . . . . + , 2 . + r . . . . 3 . . . . , . . b . . . . , . . 5 . . . . . . . 6 . . . . . , , 7 , , . . + . . 6 , . . . . . . 0 . , . . ~ . . O  
T ~ T L E  MDOELIC) 
CONTROL NONE I 
BLOCK 0 R 
POINT 1 0.0 400,O 
POINT 2 5.0 100,o 
POINT 3 100.0 0.0 
POINT 4 0 + 0 -100,O 
PO!NT 5 0,o -400,O 
POINT b 150.0 400,O 
PGINT 7 150.0 200.0 
POINT 6 295.0 ?,r) 
POINT 9 150 + 0 -200,O 
POINT 10 150,O -400.0 
POINT 11 300.0 400,O 
POINT 12 640.0 0 . 6  
POINT 13 mo.0 -400,O 
LINEAQ 1 1 2 
ARC 2 2 3 r) 
LINEAR 3 4 5 
ARC 4 I1 12 13 
LINEAR 5 b 7 
ARC b 7 8 9 
LINEAR 7 9 10 
PART 190 cLPL 3000 3 I 5 
HEXAi  I 1 
LlNE 4 8 
LINE 1 2 2 4 3 2 
LINE 5 2 6 4 7 2 
hUTONESH100 
C ~ H R I Y E  KDDELOb 1 0.1 
PRINT 
PLOT ORTH A3 2 
60.0 30.0  0 , o  
Pia.16 Input data of Example 4 
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